Objective: To investigate the diagnostic yield and accuracy of CT enterography (CTE) for early (< 12 postoperative months) surveillance of anastomotic recurrence after bowel resection for Crohn's disease (CD).
INTRODUCTION
Recurrence of Crohn's disease (CD) after bowel surgery for CD is frequent, especially in the anastomotic region (i.e., the site of the anastomosis, and a short bowel segment proximal to it), even during the early postsurgical period (1) (2) (3) (4) . Early recognition of recurrence is important because a delayed diagnosis can lead to irreversible bowel damage and another bowel surgery. The postsurgical recurrence of CD is often clinically silent: according to one systematic review (4), more than half of patients with recurrence within 1 year of surgery did not have remarkable symptoms. Accordingly, all CD patients are recommended to undergo ileocolonoscopic surveillance 6−12 months after bowel surgery for the early detection of recurrence (1, 2, 5, 6) . In support of this recommendation, a recent randomized clinical trial (the POCER trial) showed that early routine ileocolonoscopy six months after bowel surgery for CD and appropriate treatment step-up in the case of endoscopic recurrence could improve patient outcomes (7) .
Unlike endoscopy, the utility of cross-sectional enterography, including CT enterography (CTE) and MR enterography (MRE), for surveillance specifically within 12 months of surgery, remains to be clarified, although these tests are already available in clinical practice to examine postsurgical CD patients, with a recent survey (8) finding that CTE was preferred by surgeons. One critical reason for the uncertainty regarding the use of CTE or MRE for early postsurgical surveillance is a lack of studies, either prospective or retrospective, that directly and specifically investigate the tests in the early postsurgical surveillance setting. Several studies have explored the role of CTE or CT enteroclysis (9) (10) (11) (12) and MRE or MR enteroclysis (13) (14) (15) in the evaluation of postsurgical CD recurrence, reporting moderate-to-high accuracy for the diagnosis of anastomotic recurrence (79−100% sensitivity and 60−100% specificity). However, other than establishing initial feasibility, these studies are limited in that most of their patients underwent examination more than 12 months post-surgery, and were symptomatic. Therefore, these studies cannot be relied upon for evidence regarding the merits of early postsurgical surveillance.
A determination of the impact of cross-sectional enterography on the early postsurgical surveillance in CD would be clinically meaningful for several reasons. Firstly, patient compliance with the current endoscopic surveillance recommendation, routine ileocolonoscopy 6-12 months after surgery for all postsurgical CD patients, is suboptimal because clinically quiescent patients may refuse to undergo ileocolonoscopy due to its invasiveness (2, 16) . Furthermore, although cross-sectional enterography is able to detect clinically unsuspected extraluminal complications of CD (17, 18) , the real magnitude of such benefit is yet obscure in the early postsurgical surveillance setting as its diagnostic yield has not yet been investigated. Accordingly, we aimed to investigate the diagnostic yield and accuracy of CTE for the early (≤ 12 months) postsurgical surveillance of ileocolic anastomotic recurrence after bowel resection in CD patients.
MATERIALS AND METHODS

Ethical Considerations
This observational study was approved by the Institutional Review Board of Asan Medical Center. The requirement for patients' informed consent was waived.
Patients
Patients who underwent bowel resection surgery for CD between January 2007 and June 2014 at Asan Medical Center, a tertiary academic center, and who fulfilled the below eligibility criteria, were identified through a search of the institutional inflammatory bowel disease registry. The characteristics of the registry have been previously detailed (19) . Briefly, each new patient is registered in a prospective manner, and any relevant data are continuously updated. The study inclusion criteria were age ≥ 18 years at surgery, bowel anastomosis accessible with ileocolonoscopy, and post-surgical follow-up > 1 year. The exclusion criterion was the creation of a bowel stoma, because bowel stomas hinder the standard execution of CTE and ileocolonoscopy. Using these eligibility criteria, 237 consecutive patients were identified. All but eight of these patients had had an ileocolic anastomosis, so these eight were further excluded for a clearer analysis.
Of the 229 patients (Table 1) , 88 (60 males and 28 females; mean age ± standard deviation, 31.4 ± 9.6 years at surgery) underwent first-time postsurgical bowel-specific surveillance for recurred/aggravated CD using CTE within 12 months of surgery (3−12 months; median, 6 months). These 88 patients constituted the study cohort. They consisted of 51 patients with a CD activity index (CDAI) < 150 (considered clinically silent) (2) and 37 patients with a CDAI ≥ 150 at the time of CTE. The sections of inflamed bowel were completely removed in the anastomotic region in all patients. The choice of surveillance tests and timing for the postsurgical CD patients was left to the discretion of individual practitioners and the scheduling availability/ convenience (i.e., in consideration of waiting list).
CT Enterography
Patients were instructed to drink 1200 mL of a 2.5% sorbitol solution over 45−60 minutes, in small portions. CTE was performed using 16-, 32-, or 64-detector row CT scanners (SOMATOM series; Siemens, Erlangen, Germany).
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After an intravenous injection of a non-ionic iodinated contrast material (120−150 mL of 320−370 mgI/mL) at a rate of 3 mL/sec, enteric-phase images were obtained using the following scan parameters: beam collimation, 16 x 0.75, 32 x 0.6, or 64 x 0.6 mm; beam pitch, 1; gantry rotation time, 0.5 seconds; field of view to fit; 120 kVp; automated tube current modulation (CARE Dose 4D) with quality reference mAs set at 200 mAs; and both axial and coronal images reconstructed with 3-mm thickness at 3-mm intervals.
We used our clinical CTE reading for the primary analysis in this study. Clinical CTE interpretations were performed by experienced, board-certified abdominal radiologists during daily practice, mostly without the endoscopic findings, because the ileocolonoscopy was either requested related to the CTE results or was mostly performed after CTE, as per our institutional practice, if requested concomitantly to CTE as dual-modality surveillance (occasionally used by some practitioners). Since preexisting clinical information can influence clinical reading, and to assess if any bias existed in the original clinical CTE interpretations, an experienced board-certified abdominal radiologist retrospectively reread all the CTE examinations, having been blinded to the original CTE report and all other clinical information other than the history of bowel surgery for CD. Re-readings were performed at least 1 year after the initial, clinical reading, to prevent recall bias. For both the clinical reading and the re-reading, the presence or absence of recurred CD inflammation was recorded for the anastomotic region (i.e., anastomosis and a short, approximately 10-cm, small bowel proximal to it) and extraluminal penetrating complications were also noted. Positive findings of recurred CD inflammation were according to the established CTE signs of active CD inflammation, including mural thickening (greater than 3 mm), mural hyperenhancement, perienteric stranding/fluid, comb sign, and penetrating complications such as sinus tract, fistula, and abscess.
Review of Medical Records and CTE-Related Outcomes
All medical records, including outpatient clinic visit notes, hospital admission and discharge notes, in-hospital progress notes, emergency department visit notes, surgical operative notes, endoscopy reports, radiology reports, laboratory results, pathology reports, and medications, were thoroughly reviewed. Uneventful cases were routinely followed after the surgery by regular visits to the outpatient clinic, typically at 2-month intervals (with minor deviations at times ranging 1−3 months); along with CDAI measurement; and laboratory tests. To verify the CTE findings and record the CTE-related outcomes, medical record review was performed by a board-certified gastroenterologist and a board-certified abdominal radiologist, both of whom were experienced in the management of CD patients, and uninvolved in other study reading.
Verification of Positive CTE Findings
Suspected CD recurrence in the anastomotic region was verified by combining all available data, including endoscopic results, other clinical findings and test results, subsequent clinical management decisions, and findings at follow-up evaluations. Endoscopic findings were the major factor for verifying luminal abnormalities. Patients who had indisputable inflammation by CTE often did not undergo endoscopy immediately afterward, but instead underwent interval endoscopic follow-up (within 1 year of CTE in the majority of patients and 1.5 years in most patients). In such cases, CTE findings themselves combined with other compatible clinical data and follow-up endoscopic findings such as residual lesions or healed areas served as verification. Despite some self-referencing in these cases, verification was generally straightforward given the unequivocal CTE findings and the known overall accuracy of CTE (20) . Extraluminal penetrating complications were confirmed by surgery, if performed, and by CTE findings, compatible clinical data, and changes during follow-up when patients were medically treated. Findings that could not be determined as true-vs. false-positive findings were categorized as indeterminate.
Step-Up Therapy Following CTE
Step-up therapy that followed a detection of the anastomotic recurrence of CD by CTE was recorded.
Stepup therapy was defined as an increased medication dose or addition of immunomodulators or biologics (1).
Cross-Referencing between CTE Results and Rutgeerts Scores
A subgroup of patients who underwent ileocolonoscopy within one month of CTE were identified to investigate the accuracy of CTE for the diagnosis of CD recurrence in the anastomotic region, using endoscopic Rutgeerts scoring (3) as the reference standard. We limited the analysis to those patients who had an endoscopy within a month of CTE, to achieve a more precise CTE-endoscopy correlation. Patients Korean J Radiol 18(6), Nov/Dec 2017 kjronline.org whose Rutgeerts scores were i0 (no inflammation) or i1 (not more than five aphthous lesions) were considered inactive (1). Scores of i2 (more than 5 aphthous lesions with normal mucosa between the lesions), i3 (diffuse aphthous ileitis), and i4 (diffuse inflammation with already larger ulcers, nodules/cobble, and/or narrowing) were considered to have active inflammation, i.e., anastomotic recurrence (1).
Statistical Analysis
The characteristics of patients who did (n = 88) and did not (n = 141) undergo early CTE surveillance were compared using the Student t test or Fisher exact test, as were those of the patients who did undergo the surveillance. Of this latter group, 51 patients had a CDAI < 150 and 37 had a CDAI ≥ 150. The agreement between the original clinical CTE reading and the blinded re-reading were assessed using the overall proportion of agreement (21) .
The diagnostic yield of CTE (the rate of true-positive detection of disease by CTE out of all patients undergoing CTE surveillance) was determined on a per-patient basis for the anastomotic recurrence and extraluminal complications. The proportion of patients who received step-up therapy following a detection of anastomotic recurrence of CD by CTE was determined. These CTE-related outcomes were compared between the two CDAI groups using the Fisher exact test, and a multiple logistic regression analysis to adjust for major known risk factors for CD recurrence such as active smoking, penetrating diseases, and history of another CD-related bowel surgery (1, 7, (22) (23) (24) .
In the subgroup of patients who underwent ileocolonoscopy within one month of CTE, the sensitivity, specificity, and accuracy of CTE for the anastomotic recurrence were determined. The original reading and the blinded reading were compared using the McNemar test. P < 0.05 was considered statistically significant. Statistical analysis was performed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Subjects
The characteristics of the 88 patients who underwent CTE surveillance within 12 months after surgery and the 141 patients who did not were not significantly different ( Table  1 ). The characteristics of the 51 patients with CDAI < 150 and 37 patients with CDAI ≥ 150 in the CTE surveillance cohort are summarized in Table 2 . Patients with CDAI < 150 showed a slightly younger mean age at surgery and an insignificantly higher smoking rate.
Diagnostic Yield of CTE
The original clinical CTE interpretation and the blinded re-interpretation showed a 92% (81/88) and a 100% (88/88) agreement for anastomotic recurrence and extraluminal According to the original clinical CTE interpretation, CD recurrence was suspected in the anastomotic region of 38 patients, eight of whom also showed extraluminal penetrating complications near the anastomosis site. Of these, one suspected anastomotic recurrence could not be verified (i.e., indeterminate results) and six (15.8% of 38) suspected cases were judged to be false positive. Therefore, the per-patient diagnostic yield of CTE for anastomotic recurrence of CD and extraluminal penetrating complications was 35.2% (31/88) and 9.1% (8/88), respectively. Of the eight patients diagnosed with penetrating complications, two received surgery and six were medically treated. Breakdowns of the CTE yields according to CDAI < 150 (i.e., clinically silent) vs. CDAI ≥ 150 are summarized in Table 3 . CTE diagnostic yield for anastomotic recurrence was not significantly different between these two CDAI groups (multivariable adjusted p = 0.623). CTE yield for extraluminal penetrating complications was significantly Data are from time of bowel resection surgery and number of patients unless specified otherwise. *Include obstruction/stricture and failure of medical therapy. CDAI = Crohn's disease activity index Step-up therapy occurred following anastomotic recurrence of CD detected by CTE in 20.5% of the patients (18/88). Of these, 17 patients received step-up therapy, and one patient was recommended to have it, but declined. Both were included as per the principle of intention-totreat principle. The rate was not significantly different between the two CDAI groups (multivariable adjusted p = 0.826) ( Table 3) .
Step-up therapy involved the addition of anti-tumor necrosis factor-α agents (n = 10) and either an increased dose of or the addition of thiopurines (n = 8).
Accuracy of CTE for Diagnosing Anastomotic Recurrence of CD
In total, 31 patients (22 males and 9 females; 31 ± 9.5 years at surgery) underwent ileocolonoscopy within one month of CTE (median, 5 days), of whom 13 had recurred active inflammation in the anastomotic region; and 18 did not. The sensitivity and specificity of CTE were 92.3% (12/13) and 83.3% (15/18), respectively, for the original clinical reading, and 84.6% (11/13) and 83.3% (15/18), respectively, for the blinded re-reading (Table 4) .
DISCUSSION
This study suggests that CTE may be a viable option for the early surveillance of recurred CD, including for the evaluation of clinically silent patients, within 12 months of bowel surgery. The diagnostic yields of CTE were fairly high, and CTE presumably played a role in directing stepup therapy in 20.5% of patients. Notably, the CTE yield for anastomotic recurrence was similar between those patients who were clinically silent (CDAI < 150) and those who were not (CDAI ≥ 150). Moreover, the CTE accuracy for the diagnosis of CD recurrence in the anastomotic region in this early surveillance setting was reasonably high. The fact that only 38.4% (88/229) of our eligible postsurgical CD patients underwent early postsurgical CTE surveillance is a research limitation, although this may represent usual clinical practice, particularly given that the recommendation of routine early postsurgical surveillance in CD patients was only recently proposed.
Since, to the best of our knowledge, there are no previous reports of the outcomes of early postsurgical surveillance using CTE (or MRE) in CD patients, our results can only be compared with endoscopic studies. The CTE diagnostic yield shown in this study (35.2% for the anastomotic region) was within and close to the lower margin of the 35−85% kjronline.org rates of 1-year postsurgical ileocolonoscopic CD recurrence reported in randomized controlled trials, and summarized in a systematic review (4) . The difference from the endoscopic results could be explained by several factors, including a slightly shorter exact follow-up duration in our study (i.e., CTE performed at a median six postoperative months instead of a full one year follow-up), more thorough data acquisition in controlled trials, and the presumably slightly lower sensitivity of CTE compared with endoscopy. Overall, this comparison suggests CTE as a useful alternative to ileocolonoscopy for the early surveillance of recurred/ aggravated CD within 12 months of bowel surgery, when ileocolonoscopy is difficult to perform. One clear advantage of CTE is its ability to evaluate endoscopically inaccessible areas, particularly the detection of penetrating complications (17, 18) . In this study, CTE detected extraluminal penetrating complications in 9.1% of patients. With endoscopic surveillance, these would either have been diagnosed after a delay, or not at all. Considering that the CTE yield for penetrating complications was significantly greater in patients with CDAI ≥ 150, CTE during the early postsurgical period would likely be more effective for such patients.
The accuracy of CTE for the diagnosis of anastomotic recurrence in these early postsurgical CD patients was deemed acceptable, demonstrating both high sensitivity and high specificity. The CTE findings of anastomotic recurrence are generally not specific except for some advanced cases which show apparent longitudinal ulcers along the mesenteric border in the neo-terminal ileum (Fig.  2) . The high specificity of CTE is in part attributed to the fact that other inflammatory conditions that can mimic CD seldom occur in the anastomotic region during the early postsurgical period. Given the rather nonspecific nature of the CTE findings alone, it would be prudent to make a CTE interpretation in association with the clinical setting of each patient, to avoid misdiagnosing any mimicking conditions, even though it is likely to be uncommon.
Although we did not investigate MRE, it may be advantageous for evaluating postsurgical CD patients compared with CTE. MRE does not result in radiation exposure, and provides newer imaging techniques such as diffusion-weighted imaging (25) (26) (27) , which may further assist imaging follow-up of the patients. The impact of MRE specifically for the early postsurgical surveillance in CD remains to be investigated. Given the diagnostic similarity between CTE and MRE (20, 28, 29) , our results may help to make some indirect inferences regarding the role of MRE in early postsurgical surveillance.
This study has several limitations. First, it was a retrospective observational study using clinical data. Unlike randomized trials, some degree of uncertainty and bias regarding the selection of patients who underwent CTE surveillance inevitably exists, although their baseline Obtained with multiple logistic regression by adjusting for active smoking, penetrating disease, and previous CD-related bowel resection. Number in parentheses is number of patients.
Korean J Radiol 18(6), Nov/Dec 2017 kjronline.org characteristics were similar to those who did not undergo CTE surveillance. Second, only a portion of the patients had concurrent (within one month) ileocolonoscopy and were eligible for the accuracy analysis. A prospective trial to avoid these limitations and to further confirm the role of cross-sectional enterography for the early postsurgical surveillance in CD may be warranted, given the promising results from this retrospective research. Third, the decision to initiate step-up therapy may not have been solely attributable to a detection of disease recurrence by CTE, but may have also considered other clinical factors.
In conclusion, CTE may be a viable option for early surveillance of recurred disease in CD patients, including the evaluation of clinically silent patients, within 12 months of bowel surgery.
